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Introduction 

The time reported Seweryn J. Duda spent in the USA, Our invests -.ations 

have been continued during his stay at the Seismological Laboratory, 

California Institute of Technology, Pasadena, California, where he spent 

most of the time. 

On January 6, 1964, Seweryn J. Duda went from the U.S. Air Force Base 

in Frankfurt/Main to the U.S. Air Force Base in McGuire, N.J., using MATS' 

travelling facilities, Cn his way across the United States from New York, 

N.Y,, to Pasadena, Calif,, geophysical departments, institutes and 

observatories at universities and/or geophysical companies were visited by 

him in the following towns: Palisades, N.Y., Washington D.C,, Alexandria, Va,, 

St, Louis, Mo,, Dallas, Texas, and Albuquerque, N,M, For details see 

Nineteenth Monthly Status Report (Report No, 24). 

On January 27, 1964, Seweryn J, Duda started his activities at the 

Seismological Laboratory in Pasadena, Calif«, under the guidance of 
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Prof. Prank Press and Prof, Hugo Benicff* He has been working full-time 

on the project the whole time. 

In the following we report about our investigations carried out a-d 

results obtained there in the foil »wing order: 

1. Secular strain energy releasej 

2. Strain energy release in the Prince William Sound aftershocks from 

March 28, 1964, onwards and in the Kurile Islands aftershocks from 

October 13, 1963, onwardsj 

3. Local seismic activity in Arizona, as recorded at tbr Tonto Forest 

Seismological Observatory in Payson, Arizona. 

4. Meetings and observatories visitede 

1« Secular strain energy release 

Instrumental seismology exists since about 70 years« Data on the 

strongest earthquakes were collected fairly complete since 1897. Our aim 

was to investigate the secular strain energy release in the time interval 

from 189' through 1963 in different parts of the world. 

Accomplishment: 

As sources ct the earthquake data we used the following publications: 

B, Gutenberg: Great earthquakes 1896-1903} Trans, Am, Geoph, Union, 

Vol. 37, 1956 

B, Gutenberg and C,F, Richter: Seismicity of the Earthj Prir.Ct.ton University 

Press, 1954 

(for the time 1904-1952) 

C.P, Richter: Seismological Laboratory Bulletin; 

(for the time 1953-October 1957) 

C.P, Richter: Provisional Readings at Pasadenaj 

(for the time November 1957-December 1963) 

C,P. Richter: Elementary Seismologyj W.H, Freeman and Company, 1958 

(magnitude revisions) 
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We collected data for a total of 1117 earthquakes. Included are 

earthquakes with magnitude 7 and above for the years after 1896, their 

number being complete after 1917. These 1117 earthquakes are responsible 

for the principal part of strain energy released in seismic waves. Since 

the energy decreases exponentially with decreasing magnitude of an earth- 

quake, the omission of earthqualces with smaller magnitudes does not result 

in an essential inaccuracy as long as considerations are made in terms of 

energies. 

The strain energies were calculated from the magnitudes of the shocks, 

using B&th's conversion formula (M, B&th; The energies of Beismic body waves 

and surface waves, "Contributions in Geophysics in Honour of Beno Gutenberg", 

1-16, Pergamon Press, London, 1958)» 

a. Division of the circum-Pacific belt into 8 regions 

Obviously most of the seismic energy was released in the circum-Pacific 

belt. For a more detailed investigation, the belt was subdivided into 8 

regions, every region being naturally defined by the clustering of epi- 

centers. The regions diverge somewhat from those defined in Gutenberg and 

Richter's Seismicity of the Earth for the reason, that the regions had to 

be large enough in our case to contain a number of earthquakes sufficient 

for a statistical investigation« 

Table 1 shows the regions with their total numbers of earthquakes and 

the summary strain energy released in each of them in the 67 investigated 

years. Furthermore, the table shows the number of shocks and energies 

released in shallow shocks, as well as in intermediate and deep shocks. 

As shallow were assumed all earthquakes with focal depth h <70 km. The 

abtrain energy release per 1 of arc, the arc being defined by the epi- 

center distribution of the shallow shocks in each region, was calculated« 

This figure shows tnaamuch Q regularity, as the region embracing Japan, 

Kurile, Kamchatka has th^ highent strain energy release per 1 of arc, 

decreasing in both directions around the circum-Paoific belt. Only in the 

i k 

I 
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region Including South America the figure increases again. 

The b-coeffit ient in the formula relating the number of earthquakes 

N in a magnitude class with the magnitude M, log N = a - bM, was determined 

in 7 of the regions, the earthquakes in the 8th region being too few for 

the determination. The b-coeffieient for both shallow and intermediate 

shocks, as well as for shallCiY separately is presented in Table 1. These 

b-coefficients refer however to regions of different size. Therefore, they 

had to be related to 1 of arc, which renders all figures referring to the 

same time interval of 67 years comparable among themselves. This coefficient 

appears highest in the region covering New Hebrides, Solomon Islands, and 

Bast New Gu-nea, It is smallest in North America« 

We compared the b-coefficients for the regions including Kamchatka, 

Aleutian Islands and Chile respectively, with the values of the b- 

ooefficient obtained for aftershock sequences in Kamchatka 1952 (»'. Bäth 

and H, Benioff; The aftershock sequence of the Kamchatka earthquake of 

November 4, 1952, Bull. Seismol, Soc. Am,, 48, 1-15, 1958), Aleutian Islands 

1957 (S.J, Duda: Phaenomenologische Untersuchimg einer Nachbebenserie aus 

dem Gebiet der Aleuten-Inseln, Preiberger Porschungsh,, C 132, Geophys., 

1-90, 1962), and Chile I960 (S.J. Duda: Strain release in the circum- 

Pacific belt: Chile I960, Journ. Geophys. Res., 68, 5531-5544). The b- 

coeff^cients were related to 1 of arc of the aftershock zone and to the 

time interval of 67 years so as to make them comparable with the b- 

coefficients from the secular seismicity in these regions. The b-coefficienta 

for aftershock sequences turn out to be greater by about 2 orders of 

magnitude (1.85 - Kamchatka 1952, 2.78 - Aleutian Islands 1957, 1.26 - 

Chile I960) as compared with the values for secular activity (0.0281 - 

Kamchatka, C.0221 - Aleutian, 0,0202 - Chile, see Table l). From a 

comparison of these figures it does not follow, that geographical differences 

of the material in the zones are responsible for the regional differences, 

as frequently inferred. 



The significance of both the strain energy per year and the b-coef- 

ficients related to 1 of arc are under further consideration. 

b. Strain energy release in dependence on time 

The strain eiergy release characteristics for shallow, intermediate 

and deep shocks in every region were constructed, as well as histograms for 

the yearly strain energy release in every region. The summary histogram for 

the yearly strain energy release in the entire circum-Pacific belt was 

obtained. These histograms for shallow, intermediate and deep shocks exhibit 

as common feature a decrease of the strain energy release per year in the 

investigated time interval. The least-square solutions for the strain 

energies released per year in shallow, intermediate and deep shocks are 

respectively: 

E(t) = 54.68 - (t - 1896) 0.5? 

for the years 1897 & t 4  1963J 

E(t) = 17.80 - (t - 1902) 0.27 

for the years 1903 ^ t ^ 1963j 

B(t) = 1.14 - (t - 1906) 0.01 

for the years 1907 ^ t ^ 1963. 

B(t) denotes the strain energy released in the year t, expressed in 10 

ergs. 

This decrease is found also for the earthquakes outside the circum- 

Pacific belt. 

The overall decrease of seismic activity cannot be obtained from an 

analysis of the number of shocks (with M ^ 7.0) per year alone. 

As another feature of the histograms for shallow shocks we found a 

temporary decrease or absence of seismic activity in the years from about 

1906 through 1916, the period of quietness varying somewhat in length from 

region to region. This well pronounced quietness in shallow shocks was 

compensated by an increase of seismic activity in intermediate but also 

deep shocks ir. the years about 1906 until 1916, 

i i 
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From this we draw the conclusions that; 

a) the strain energy release in different depth ranges does not oncur 

independentlyj and 

b) the increase of intensity of strain release in one depth range (in 

this case below 70 km) is accompanied by a decrease of the intensity 

in the adjacent depth range (in this case above 70 km). 

Previously, we discovered the mutual dependence of strain energy 

release in geographically neighbouring regions for the same depth range 

(S,J# Duda: Strain release in the circum-Pacific belt, as above). Both 

findings together show that the strain energy release in earthquakes in 

different regions is dependent on the release in adjacent regions both 

in the horizontal direction along the belt, and in the direction toward 

greater hypocentral depths. 

c. Auto- and crosscorrelation 
■ ——■—^  i ■«■^■^^»^■■—i 

The strain energies released per year during 67 years in shallow, 

intermediate, and deep shocks were subjected to an autocorrelation to find 

any possible periodicities of strain release in each depth range. The 

results - although not yet completely evaluated - do not show any clear 

periodicity in the time range investigated. This is not surprising, as 

the time interval of 67 years must be considered as extremely small in 

the geological time scale. 

The following combinations of strain energy release per year were 

also processed! 

1, shallow with intermediate for the years 1897-1963} 

2. shallow with intermediate for the years 1903-1938j 

3*  shallow and intermediate with deep for the years 1906-1963. 

The crosscorrelation for shallow with intermediate earthquakes yields, 

that activity in these depth ranges is correlated with a time lag of 28 

years. This means that the yearly strain energy release pattern in shallow 

shocks i repeated, though with smaller absolute values, in intermediate 
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shockj aftor 28 years. 

The investigation of the secular strain energy release in the clrcum- 

Pacific belt is essentially finished and a paper will be prepared after 

Seweryn J. Dudt's return to Uppsala. 

2. Strain energy release; Prince William Sound March 28« 1964. and 

Kurile Islands October 13. 1963« aftershoch sequences 

On March 28, 1964, an aftershock sequence started in the Prince 

William Sound region. The magnitude of the main shock was 6.4 (Pasadena). 

On October 13, 1963, an aftershock sequence started in the Kurile Islands 

region» The magnitude of the main shook was 8 1/4 (Pasadena). Both after- 

shock sequences are still going on and are situated relatively close to 

each other on the circum-Pacific belt. For theso reasons they r.re of 

special interest and an investigation wan started. 

Accomplishment; 

The USCGS Preliminary Epicenter Determinations were used in both 

cases. Some distinct features and differences of these aftershock 

sequences could be found. 

The Prince William Sound aftershocks show an epicenter distribution 

such that the strain energy release was highest towards the horizontal 

extremities of the aftershock zone. About 50 days after the main shock, 

the aftershock activity shifted towards the middls of the aftershock zone. 

The oscillation pattern between the horizontal extremities of the after- 

shock zone is fairly well developed. The b-coefficient is remarkably 

small, and amounts to about 0.5. The strain energy release characteristic 

is very similar to the second branch of the characteristics as found for 

the Aleutian 1957 and Chile I960 sequences (M. B&th and S«J, Duda: 

Earthquake volume, fault plane area, seismic ener^ strain, deformation 

and ralated quantities. Appendix I, Fourth Semi-Annual Technica?. Report, 

Report No. 23, 1964). The lack of the first branch, with relatively small 

i i 

^ 
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intensity of strain energy release, usually observed in aftershock 

sequences, is striking. 

The Ku' lie 1963 aftershock sequence exhibits inasmuch a difference to 

the Prince William Sound sequence, as no concentration of strain energy 

release towards the horizontal extremities can oe observed in the initial 

stage of the sequence: the intensity is highest in the middle of the 

aftershock region. This resembles the pattern in the Kamchatka 1952 

sequence (M, Bäth and H. Benioff: The aftershock sequence of the 

Kamchatka earthquake of November 4, 1952, as above). After 100 days, an 

increase of activity at the horizontal extremities of the aftershock region 

is observed. The succession of shifts of strain energy release is here 

just opposite to that of the Prince William Sound sequence. 

This investigation is planned to be extended. 

3. Local seismic aotivity in Arizona 

An invescigation is performed of the very local seismic activity in 

Arizona, USA, on the base of the records of the Tonto Forest Seismological 

Observatory in Payson, Arizona, The maximum magnification on the instruments 

is of the order of 2 000 000, This allows to record local earthquakes with 

very low magnitudes, otherwise undetected. The investigation seems to be 

important for at least two reasons: 

a) It is so far not clear if the laws governing the strain energy release 

in large earthquake and sequences, occurring on major tectonic structures, 

can be transferred to the scale of small shocks, occurring on minor 

tectonic structures; and 

b) Arizona is a region with formations of volcanic origin. This io in 

complete difference to the seismic activity in the  adjacent and 

seismologically already better investigated California. A comparison of 

both regions Deems promising. 
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Accomplishment; 

The effort was hitherto concentrated on the collection of data from 

the seismograms. Local earthquakes (^ ^ 3°) from September 15 (seismo- 

grams available since that dste) until December 31, 1963, are lead, their 

location determined and magnitudes calculated. Amplitudes, periods and 

durations of Pn, Pg, Sn and Sg phases were measured. For the magnitude 

determination a conversion from the Johnson-Matheson recordings (seismo- 

grap; s of this type being used at TPSO, Payson) to the Wood-Anderson 

seismographs is needod, so that the original magnitude definition by 

Richter can be applied. 

As a preliminary result it may be stated that the region with highest 

earthquake activity in Arizona has the geographical coordinates: 

33° + 0.5° N, 111° + 0.5° W. 

4« Meetings and observatories visited 

Seweryn J, Duda took part in the Annual Meeting of the Seismological 

Society of America in Seattle, Wash., March 27-28, 1964, and in the Annual 

Meeting of the American Geophysical Union in Washington D.C., April '?0-?4, 

1964. 

Besides a study visit of the seismological installations in Pasadena, 

the seismological observatory in Ely, Nevada, and the strain-seismometer 

observatory in Isabella, Calif., both belonging to the Seicaological 

laboratory in Pasadena, were visited by S.J. Duda. 

Markus Bäth 
Project Scientist 
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